Abstract. Metal structures of present port machineries are much more flexible than those decades ago, and are therefore very vulnerable to various kinds of wind-induced vibrations, among which the most frequently happened random buffeting attracts some special attentions since it contributes pretty much to the early fatigue of structures. The intensity of buffeting is closely related to the characteristics of local surrounding wind field. In this paper, the local wind field of a container terminal in Shanghai of China was simulated by CFD technique, and the corresponding spatial distribution of wind velocity, turbulence intensity and wind profile were investigated in detail. The results of the simulation suggest that the local surrounding wind field of the investigated container terminal is remarkably influenced by the surrounding container ship and container piles.
Introduction
Ocean shipping, especially container transportation, plays a very important role in modern industry. Container terminals often located in around shore area and usually modeled a type-B terrain in wind codes [1] , where the effects of wind direction, turbulence intensity profile, as well as the effects of containers and container ships on the local wind characteristics usually did not discussed. On the other hand, to meet the demands of giant container transport ship, large-sized giant machineries have been manufactured and served in container terminals. Such machineries, often showing remarkable heights and spans, are generally vulnerable to wind-induced vibrations, among which, the turbulence-induced random buffeting must be taken into concern during design process since it will cause early fatigue of the metal structures and finally affect the service period of port machineries [2] . a). Topography of the container terminal b). Container machineries and container yard Fig. 1 Section of a typical container terminal in Shanghai (L=3000m, B=900m)
In this paper, one of the container terminals of Yang-shan deep seaport in Shanghai, China, was simulated by computational fluid dynamics technique to reveal the effects of aforementioned factors on the wind characteristics of the local surroundings. The simulation results suggest that for the terminal under investigation, the mean wind speed, turbulence intensity profile and wind profile of different positions are quite different, and that both the container ship and the container yard have significant effects on the characteristics of the local wind field.
Theoretical Foundation and General Information of Wind Filed Simulation
As a typical type of fluid, natural wind filed should fulfill all the control equations for fluid, i.e. continuity, momentum, energy and composition equations [3] . Generally, the changes of temperature and composition are neglected for wind characteristic modeling, therefore, only the continuity and momentum (Navier-Strokes equation) equations are necessary. However, both equations are nonlinear and the corresponding analytical solution is often impossible.
Alternatively, numerical solution is employed. Direct numerical simulation (DNS) is difficult as well since it is hard to describe the time-related parameters, therefore, in engineering practice, natural wind is often modeled as the summation of the time-average and transient fluctuation components, denoted by * and ′ * respectively, as stated in Eq. 1.
in which u is the wind velocity vector and u, v and w is the along-wind, across-wind and vertical components of the wind velocity, respectively.
By substituting Eq. 1 into the transient state equation and taking its time average, the turbulent time-averaged fluid equation could be obtained as Eq. 2, the time-averaged continuity equation, and Eq. 3, the time-averaged Navier-Stroke equation in x direction.
Without any assumption about the relationship between the fluctuation components and the unknowns, i.e. the so-called turbulence model, problem modeled by Eq. 2 and Eq. 3 has no close solution. In this paper, the RANS (Reynolds-averaged Navier-Strokes) method was employed to solve the equation, and the RNG k ε − model was adopted as the turbulence model. As aforementioned, the characteristic parameters of wind field are the premise for the wind effects analysis of mechanical structures in container terminals. In this paper, local wind field around a container terminal of Yang-shan deep seaport, with its schematic drawing shown in Fig.2 , was simulated and analyzed. The computational domain of CFD was divided into two regions, i.e. the inner region and outer region, with the inner one surrounded by the outer one. The object container terminal was located in the inner region, while the outer region was applied to simulate the effect of local surrounding geographical environment. According to the complexity of the CFD model, the inner region, a cylinder of 500-meter radius and 100-meter height, was meshed by unstructured tetrahedral grids to
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Frontiers of Mechanical Engineering and Materials Engineering II fit the complexity of this area, while the regular-shaped outer region, a 1500-meter cylinder with a height of 300 meter for the present study, was meshed by structured hexahedral grids.
To examine the effects of approaching wind direction on the local wind characteristics, the wind direction was turned 30° after each simulation and subsequently the results in 12 different wind directions were obtained. The inflow boundary was modeled as uniform inflow, with a 13 m/s 10-min mean wind speed and 1% turbulence intensity, whereas the outflow boundary was modeled as a zero static pressure export. The side and top surfaces are modelled as free sliding surface without convection. The ground of the inner and outer regions were modeled as no-slip surfaces and using the roughness length to model the profile of mean wind speed. Fig. 4 , the mean wind velocity of deferent points in the computational domain, with a height of 5 meters (half of the average height of container yard), shows pretty big difference, e.g. for the zero wind angle, which means that wind approaches right perpendicular to the body of the container ship, the mean wind speed could change from approximate zero to around 21m/s. Such dramatic difference of mean wind speeds is mainly caused by the vortex separation effect and the slit effect. Evident slit effect was observed between the containers piles in the container ship. When the direction of approaching wind does not parallel to the direction such slits, the slit effect will reduce substantially, as shown in Fig. 4-b) . a). 0° wind angle b). 60° wind angle Fig.4 Velocity vector under different wind directions 2.2 Turbulence Intensity Profile. Turbulence intensity profile is a very important characteristic of the random natural wind field, especially for the prediction of structural turbulence buffeting responses. For the container crane investigated in this paper, the orbital plane of the traveling mechanism was utilized to investigate the profile of turbulence intensity, i.e. the change of turbulence intensity with its height above earth. As shown in Fig.5 , when wind approaches in 0° wind angle, i.e. coming from sea side and right vertical to the center-line of the container shape, the turbulence intensity is comparatively big along the whole container ship, with a maximum of 10.3% at a height of 30 meters. However, the turbulence intensity of the area away from the ship is relatively small. These results suggest that the container ship will seriously affect the turbulence intensity of the surrounding area, especially where the container cranes located. For the rest 11 wind angle, the turbulence intensity is generally smaller than 5%, as could be observed in Fig. 5-b ).
Simulated Wind Characteristics around the Container Terminal

Mean Wind Velocity Field. As shown in
Wind Profile.
Wind profile plays an important role in estimating wind loads acting on the port cranes. In this paper, the wind profile was fitted by power function, and resultant index of the power function for zero, 90 o and 180 o wind direction was listed in Table 1 . As presented in Table. 1, the fitted power function index for the same sampling location is quite different, and the wind direction and the sampling position both show some effects on such difference, which results from the different obstacle situation of the container yard and the container ship. For zero (except for the point 220 m away from the reference point) and 180 o wind directions,
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since the container ship or yard located in the upwind direction of the sampling position, the index, and therefore the roughness length is generally bigger than that of the 90 o wind direction, in which case there is no container in upwind direction. These simulation results suggest that it is not reasonable to use a constant power function index for the entire local wind field surrounding the port machinery. a) 0° wind direction b) 60° wind direction 
Conclusions
The characteristics of the local wind field surrounding a container terminal in Shanghai, China, was simulated and discussed in this paper. The simulation results suggest that the mean wind speed are quite different in different positions, even with the same height to earth, the turbulence intensity are different for different wind directions and positions, and the mean wind speed profile for different wind directions or different positions are different as well.
